The present work was carried out for serological and molecular screening of virulence genes associated with Salmonella in captive budgerigars. A total of 805 apparently healthy birds were collected from different sources, and subjected to clinical and bacteriological examination. Salmonella species were isolated at rate of (4.97%) with recognition of 4 different serovars in which Salmonella Paratyphi A was the most common isolated serotype. All isolates were highly sensitive to Ciprofloxacin, Enrofloxacin and Norfloxacin. Multiplex-PCR using (invA, spvC and stn) was devised to confirm the isolates and predict their virulence. (invA;284bp) was detected in all Salmonella isolates with (100%), while (stn; 617bp) and (spvC; 392bp) were detected in some Salmonella isolates.
Introduction
A budgerigar (Melopsittacus undulatus) is one of most popular psittacine birds. Nowadays, this popularity is worldwide reaching to an international trade of the living birds. Naturally, budgerigars are found in Australia, however, they are not found in Egyptian wildlife, therefore all birds present in houses are derived from pet stores or shop fairs. Many zoonotic diseases are transferred from cage or pet birds to human through direct or indirect contact of the diseased or carrier birds (Akhter et al, 2010) . Salmonellosis is a common bacterial zoonotic disease and can be a serious disease of psittacine birds. Asymptomatic Salmonella carriage in wild birds is thought to be high, as many species acquire the organisms and become carriers without any visible signs and considered as apparently healthy birds (Tizard, 2004) . In-vitro amplification of DNA by the PCR method is a powerful tool in microbiological diagnostics. Several genes have been used to detect Salmonella in faecal samples. Invasion gene "invA" is a target gene of Salmonella responsible for adhesion and invasion in the host system.
Salmonella
enterotoxin "stn" associated with the actual manifestation of pathogenic processes (Murugkar et al, 2003) and "spvC" which is present in plasmid and associated with virulence (Oladapo et al, 2013) . So, this work undertaken to isolate, identify and compare the incidence of Salmonella as a zoonotic microorganism in captive budgerigars collected from zoos, pet shops and households. Also, to screen the virulence genes of isolated Salmonella using Multiplex-PCR.
Material and methods 1-Examined birds:
A total of 805 apparently healthy budgerigars were collected from 3 different sources; zoos (500 birds), pet shops (187 birds) and household (118 birds).
2-Sampling:
A sterilized waxed paper were placed on the floor of the cages to minimize possible contamination (Bangert et al, 1988) . A total of 805 freshly voided faecal dropping were swabbed immediately with a sterile cotton swab and placed in 5ml peptone water (Himedia) as a pre-enrichment media according to (ISO, 2002 , 2006) . The incidence of Salmonella isolation in zoo birds was lower than that recorded by (Jang et al, 2008) and higher than that recorded by (Enas, 2008). Nevertheless, the relatively close confines of captivity mean an increased pathogen load in the environment in which companion and aviary parrots live which may leads to greater exposure of these birds to bacteria and parasites (Doneley, 2009 ). Statistically, there was no relationship between the source of samples and the number of positive cases. As shown in Table ( 3), 4 different Salmonella serovars were isolated from budgerigars. (47.5%) S.
Typhimurium, (7.5%) S. Chester, (5%) for both S. Infantis and untypable Salmonella. S. Paratyphi A was the most common isolated serovar in households group with percentage of (66.67%) followed by (60% and 31.58%) in pet shops and zoos groups respectively. This may be due to direct or indirect contact with the bird fanciers, owners, zoo visitors and zoo keepers which might be diseased or carrier for the Salmonella. These findings were disagreed with (Styles, 2005) who approved that, S. Typhimurium was the most isolated serotype from budgerigars and other psittacine birds. Isolation of S. Paratyphi A from budgerigars reflect its zoonotic importance as a restricted human pathogen and causes only systemic disease (McClelland et al, 2004) . On the other hand, Salmonella can be a normal inhabitant of humans and many animals with no evidence of clinical signs. Many people don't develop disease however, others may develop diarrhea, abdominal cramps and fever within 12-72 hr. of exposure (Souza, 2009) . The isolation of S. Typhimurium with the highest rate of (42.10%) was in zoos group followed by (40%) in pet shops group and failed to be isolated from household group. This results could be accepted due to presence of a lot of free-ranging wild birds in and around the zoos, such as crows, cattle egrets, house sparrows, doves and pigeon that could carry the disease and transmitted to the zoo birds. Nearly similar results were recorded in Giza zoo by (Oraby,  1993) , in zoo of Pakistan by (Javed et al, 1994) , and in Tehran by (Rahmani et al, 2011) All Salmonella strains showed multiple drug resistance (MDR) at least to 5 antibiotics. S. Paratyphi A showed resistance to 11 antibiotics, while it was sensitive to 5 drugs. Both S. Typhimurium and S. Chester were resistant to 10 antibiotics and sensitive to 6. S. Infantis was resistant to 9 and sensitive to 6 antibiotics. Finally, the untypable strains were resistant to 5 and sensitive to 8 drugs. This may be attributed to the uncontrolled use of antibiotics in animals. In addition, the unregulated use of antibiotics by humans. A multiplex-PCR containing three sets of PCR primers (invA, stn and spvC genes) was created to confirm the Salmonella isolates and predict its virulence. As shown in Photo (1), the amplification of invA, stn and spvC genes revealed that, invA gene bands of 284 bp were found in all tested Salmonella isolates, which suggested that, it is conserved gene among Salmonella serovars and is the predominant necessary one to express virulence in the host, causing infection. This results in agreement with (Shanmugasamy et al, 2011) who reported presence of invA gene in all Salmonella they tested. Moreover, this finding at variance with (Oladapo et al, 2013) who confirmed the absence of invA gene in 3 isolates out of 8, and (Bacci et al, 2006 ) who detected invA gene in 62 out of the 63 strains of Salmonella screened. This implied that, the isolate that doesn't carry the gene may not be virulent and unable to invade epithelial cells.
The presence of stn gene were detected by the presence of 617 bp PCR product in some Salmonella isolates which agreed with (Muthu et al, 2014) , but disagreed with (Murugkar et al, 2003) who carried out PCR assay for the detection of the stn gene in 95 Salmonella isolates from 5 different serovars and 4 different sources and revealed its presence in all the isolates. Also (Ziemer and Steadham, 2003 and Samah and Azhar, 2013) revealed 100% positive results for stn gene in all isolates. S. Paratyphi A and S. Typhimurium were positive for stn gene this finding was similar to that reported by (Murugkar et al, 2003 and Samah and Azhar, 2013) , while it was absent in Salmonella Chester, Salmonella Infantis and in the untypable strains, which came in variance with (Ziemer and Steadham, 2003) who stated that, Salmonella Infantis was positive for stn gene. Presence of spvC gene in the present study was confirmed by amplification of 392 bp PCR product in some Salmonella isolates such as S. Typhimurium and S. Infantis. While it was absent in S. Paratyphi A, S. Chester and untypable strains. This finding was consistent with reports of (Alessiani et al, 2014 ) who approved the presence of spvC gene in S. Typhimurium. In addition, (Lin et al, 2007) who reported the absence of spvC gene in S. Paratyphi as well as S. Typhi which are a human-specific pathogens, the etiologic agents of enteric fever, carry Vi antigen which is not carried by the great majority of the other Salmonella. spv gene is responsible for the systemic infection and multi-drug resistance in both human and animals (Gebreyes et al., 2009) . In nature some plasmids can be transferred from one bacterium to the next through conjugation. This ability contributes to the spread of drug resistance in bacterial species (Rychlik et al, 2005) .
In conclusion, Multiplex-PCR approved that, strains of S. Paratyphi A were positive for invA and stn genes, and negative for spvC gene, while S. Typhimurium strains were positive for invA, stn and spvC genes. S. Infantis strains were positive for invA and spvC genes, and negative for stn gene. Finally, both S. Chester and the untypable strains were positive for invA gene only and negative to the others. These results approved that, with more investigations, the Multiplex-PCR could help in the determination of bacterial serovars in absence of their serogroup data. This was similar to (Peterson et al, 2010) who identified 135 out of 142 Salmonella isolates by multiplex-PCR in the absence of traditional antibody-based serotyping. So, it can be a rapid, sensitive and specific means to identify, serotype Salmonella with offering quick data for antibiotic sensitivity. This work approved that, apparently healthy budgerigars could be carriers for different serovars of Salmonella. It is very important to apply good hygienic steps to obtain healthy birds free from salmonellosis. Furthermore, the pet shops should be under the supervision of the General Authority for Veterinary Services and wildlife authority before and after license issue. 
